The Prins Christians Sund rapakivi granite pluton in South Greenland is a member of the early Proterozoic 'Rapakivi Suite' and is emplaced into early Proterozoic Ketilidian migmatites. The pluton is composed predominantly of black or dark brown monzonites and quartz monzonites (collectively, rapakivi granites), although a loealised white facies is developed adjacent to metasedimentary xenoliths. The back rapakivi granites are extremely fresh and have an anhydrous primary mafic mineralogy of olivine and orthopyroxene, with rare inverted pigeonite and clinopyroxene; minor amounts of biotite and amphibole occur in most fayalite-bearing rapakivi granites. Feldspars in these rocks are black and non-turbid. The white rapakivi granites have a wholly hydrous mafic silicate assemblage and turbid, white or cream-coloured feldspars. Electron microprobe analyses of the mafic silicates in the black rapakivi granites show that they are Fe-rich, comprising fayalite (Fa93_96 5), orthopyroxene (Fs77_51), ferro-pargasitic and ferro-edenitic hornblende (Fe/(Fe + Mg) = 0.72-0.93), and biotite (Fe/ (Fe + Mg) = 0.77-0.88). Both biotite and amphibole crystallised subsolidus, and often adopt symplectic morphologies. Biotite has formed in response to a fayalite-consuming reaction at temperatures below 650-700~ and fo, of 10-16.5 to 10-17.5 bars, and continued to grow under reducing conditions below the QFM buffer to temperatures below 450-500~ Orthopyroxene formed in response to a lowpressure fayalite-consuming reaction in the melt. The correlation of black, pristine feldspar with anhydrous mafic silicates, and of turbid feldspar with hydrous phases suggests either that the feldspars reflect the anhydrous nature of the parent magma, or more likely that the mafic mineralogy of the white rapakivi granites is secondary.
rocks form a very varied suite, ranging from rare picrites and layered olivine norites through to equigranular monzonorites, the latter dominating. The felsic rocks--the 'rapakivi granites'--are white or locally dark brown to black monzonites and quartz-monzonites (classification after Streckeisen, 1976) , and are characterised by abundant K-feldspar ovoids (occasionally up to 15 cm across) which generally form 35 to 60% of the rock. Rapakivi texture (the mantling of K-feldspar by sodic plagioclase) is widely developed and is best seen in the white granites. These rocks are locally intimately associated with the norites, and marie material is seen injected into and chilled against rapakivi granite. Features such as lobate contacts and net-veining suggest the coexistence of two compositionally contrasting liquids (Bridgwater, 1963; Harrison et al., in press) ; in general, however, the granites are later than the norites.
In terms of their bulk chemistry, the suite is a bimodal one and has tholeiitic affinities. Marie compositions are characterised by Fe/(Fe + Mg) ratios >0.50, high AlzO3/CaO (>1.65), high Sr and Ba (often > 1,000ppm) and low Ni (<10ppm); their SiO 2 ranges from 50 to 55%. Felsic compositions have high Fe/(Fe + Mg) ratios (>0.65), lower Sr and Ba (300-500 ppm), and SiO 2 between 65 and 70%.
The Prins Christians Sund pluton
The pluton lies at the eastern end of Prins Christians Sund (Fig. lb) and relief is subdued (uncharacteristically for South Greenland), reaching 300-400m. Exposure is excellent on the extensive coastline and also inland, as there is very little drift cover, although much of the eastern contact is covered by the inland ice-cap. The rapakivi granite is coarse-grained (grain-size over 5cm) and is unusual amongst the South Greenland rapakivi plutons in being generally black or dark brown in hand specimen. A white facies is found only locally in areas where metasedimentary xenoliths are abundant, and can be seen to pass gradationally into the black facies. The black facies also contains xenoliths, although these are of microcline granite from the envelope. Aplites are rare, and pegmatites have not been recorded. A U-Pb zircon age of 1.733 Ga has been determined for the pluton (Gulson and Krogh, 1975) .
The country rocks are predominantly composed of foliated microcline granite with thick concordant horizons of garnetiferous semipelitic migmatites. Garnet-cordierite-hypersthene gneisses (but no hornfelses) are developed at the contacts of the pluton, where local assimilation of metasediments and lit-par-lit veining are occasionally observed. Geobarometry and geothermometry (Table 1) on garnet-orthopyroxene-plagioclasequartz assemblages in the aureole has yielded PTvalues of 2.6-4.5 kbar and 580-690~ The low temperatures probably reflect a late hydration of the aureole as water was expelled from the pluton as it cooled, and late-stage biotite fringes are sometimes developed on garnet and orthopyroxene. 
Method used
i. Garnet-orthopyroxene (Harley, 1984) .
2. Garnet-orthopyroxene-pla~ioclase-quartz;
"Fe-reaction" (Perkias and Chipera, 1985).
Petrography
All the members of the pluton are monzonites and quartz monzonites. Black or dark brown monzonites are characterised by a largely anhydrous primary mafic mineralogy, dominated by orthopryroxene with minoramountsoffayaliticolivine and Fe-rich amphibole. Biotite in these rocks commonly adopts a symplectic morphology. The white facies corresponds to quartz monzonite and has a wholly hydrous mafic silicate mineralogy, biotite often being dominant over amphibole. Rapakivi texture is developed throughout the pluton, but is more obvious in the white facies owing to the chalky-whiteness of the plagioclase rims. The white facies is often characterised by blue quartz. Both black and white facies are hereafter referred to as rapakivi granite. Five samples of fayalite-bearing (black) rapakivi granite have been selected for mineral analysis, although the assemblage is common throughout the pluton. Their locations are shown in Fig. lb .
Most mineral analyses have been made using a Cambridge Instruments Geoscan electron microprobe with Link Systems energy-dispersive system and ZAF 4 corrections. However, three bulk analyses of alkali feldspar have been made using a Cameca Camebax wavelength dispersive instrument in Edinburgh University. Details of the analytical technique are given below.
Olivine
Olivine is subhedral to anhedral, is largely unaltered, and is only found in the black facies. It is always enclosed by plagioclase and generally by K-feldspar, and often develops a crude symplectic intergrowth with groundmass quartz; it also occurs interstitial to quartz phenocrysts. Alteration is to brown 'iddingsite' and magnetite. Olivine is very Fe-rich with compositions between 93 and 96.5mo1% Fa. (Table 2 ). Mn increases very : slightly with increasing Fe content.
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Pyroxene
Most of the fayalite-bearing rapakivi granites contain orthopyroxene, which occurs in two habits. The commonest of these is as coarsely granular aggregates fringing olivine, although RI-llA also contains poikilitic crystals with clinopyroxene exsolution lamellae, suggestive of inverted pigeonite. No exsolution textures are seen in the granular orthopyroxene. Rare clinopyroxene (but no orthopyroxene) is present as a primary phase in R1-57, and R1-37 does not contain any pyroxene.
The chemistry of orthopyroxene is very similar in all analyses, the ratio Fe/(Fe+Mg) ranging from 0. 793 (Fs77En2oWo2Rhl) to 0.838 (FsslEnl6Wot 5Rhl.5) (average 0.817; Table 2 ). However, similar compositional variation can also be observed in analyses from one sample (e.g. R1-33, Table 2 ). Unlike olivine, there is no correlation between Fe/(Fe + Mg) and Mn. A1 contents are low in comparison with other Fe-rich orthopyroxenes (Deer et al., 1978) and A1 can generally be assigned in roughly equal amounts between tetrahedral and octahedral sites (Table 2 ). Ca contents are low except for RI-llA orthopyroxenes which contain up to 8 tool. % Wo (3.6 wt. % CaO). This feature may reflect the presence of submicroscopic clinopyroxene exsolution lamellae in the orthopyroxene. There is a good relationship between increasing Ca and Na in all orthopyroxenes. It has not been possible to analyse the clinopyroxene exsolution lamellae in the RI-llA orthopyroxenes. The clinopyroxene from R1-57 is ferroaugite of composition Caa3Mg14Fe43 and Fe/(Fe + Mg) of 0.745.
Amphibole
Amphibole is ubiquitous in the fayalite-bearing rapakivi granites and is bright green, displaying a= yellowish green, b=bluish green, y= dark green pleochroism. It generally occurs as narrow interstitial poikilitic fringes around both olivine and orthopyroxene, and its textural relationships suggest a subsolidus origin. Crude symplectic intergrowths with quartz are often developed at the outer margins of the amphibole fringes. Amphibole in Rl-11A occurs as large poikilitic plates which enclose the poikilitic orthopyroxene.
Amphibole compositions presented in Table 2 have been calculated using the FORTRAN programme FERRIC, lodged in the Department of Geology and Mineralogy, Aberdeen University. This is based on the IMA classification scheme of Leake (1978) , with the assignation of Fe 3 § as T.N. HARRISONETAL. 20% of total Fe 2+ using the method described by Brown et al., (1982) .
All the amphiboles are calcic, with (Ca + Na)B />1.34 and (Na)B <0.67, and within the IMA classification scheme they may be described predominantly as ferro-edenitic and ferro-pargasitic hornblende, although hastingsite and ferrohornblende also occur. Like the accompanying mafic silicates the amphiboles have high Fe/ (Fe + Mg) ratios, between 0.72 and 0.93. A-site occupancies do not show much variation, ranging between 0.439 and 0.713 Na + K atoms per formula unit. None of the other cations show any systematic variations with Fe/(Fe + Mg).
Biotite
Biotite is found in all samples except R1-4. It occurs mostly as irregular fringes around amphibole, and is never seen in contact with olivine. Spectacular biotite-quartz symplectites are often developed at interfaces with both K-feldspar and plagioclase, and biotite may replace both plagioclase in myrmekite and perthitic microcline. Such textural relationships clearly demand a subsolidus origin. Biotite in RI-llA only occurs as poikilitic plates (up to 4mm across) and does not develop any symplectic intergrowths.
Biotite is Fe-rich, the ratio Fe/(Fe + Mg) ranging from 0.770 to 0.880 (Table 2) , and is comparatively rich in A1 vi, lying intermediate between phlogopite, annite, and siderophyllite. Despite the striking textural differences between biotite from RI-llA and other biotites, there is no observable compositional difference. TiO2 contents are comparatively high and may reach up to 5.36 wt.%. F contents range from 0.32 to 0.60 wt.%.
Feldspars
Alkali feldspar is subhedral to euhedral microcline with variable development of both crosshatched twinning and microperthite. The twinning varies within single grains from readily visible to a fine tweed-like texture at the limit of optical resolution. The more coarsely twinned areas are sometimes obviously related to fractures and the development of turbidity, but this is not invariably the case as some coarsely twinned areas are free from turbidity. Feldspar in the black rapakivi granites is largely, but not wholly, devoid of turbidity. Work currently in progress (F. D. L. Walker and I. Parsons, Edinburgh University) shows that the turbidity is caused by micropores, mostly on the sub-micrometre scale. It is considered that the absence of such pores imparts the distinctive colour to the black rapakivi granites.
The microline contains various developments or microperthite. In the clear crystals the albite is in the form of thin or blunt lenses on a variety of scales from approximately l p~m to 0.05ram; some areas of microcline appear to be free of perthite. It is extremely laborious to obtain meaningful bulk compositions of such grains, but a set of three microprobe traverses has been made across large black microclines in RI-llA, using a step interval typically of 25 ~m and analysing with a 1 p~m beam rastered over an area of 10 p~m 2. This gave the average compositions shown in Table 2 . The low bulk albite and anorthite contents are consistent with equilibration of the bulk crystal at a low temperature (less than c. 700~ Furhman and Lindsley, 1988) .
The microcline composition ranges from about Or75Ab2aAn I to OrssAbll.sAn0.5 The albite-rich lamellae were too thin to analyse with the microprobe, but extrapolation of the mixing line obtained on the traverses would imply albiteoligoclase in the range Ans-An27. The most Ca-rich point analysed on the mixing line was Or42Ab43 AnlS.
Perthite in the turbid feldspars is less regular and more coarsely developed. The connection between turbidity in feldspars and perthite coarsening was illustrated by Parsons (1978) , who discussed the evidence that fluid-rock interactions were responsible. Recently, Worden et al. (1989) have provided microtextural detail and demonstrated the pervasive nature of these interactions. In this context, it is interesting to note that the alkali feldspars from the black rapakivi granite have markedly higher BaO (0.8-1.35 wt. %) than those from the white granite (less than 0.5 wt.%).
The microcline crystals also contain larger (typically 0.1 mm), more angular crystals of albite and pericline-twinned plagioclase, frequently similarly orientated in parts of the microlines, but not consistently throughout the crystal. This suggests replacement of earlier plagioclase, rather than a perthitic relationship. The microclines often appear to be broken up into slightly disorientated domains as though annealing followed earlier deformation. The rather striking variability in coarseness of the twin texture, and its variable relationship with the occasional turbidity, is also consistent with a multiphase history for these crystals. The youngest event would be the development of the turbidity and associated coarsening of exsolution textures and twins. Parsons and Brown (1984) have shown that in syenitic rocks these interactions occur at temperatures less than c. 450~ a view supported by the recent work of Worden et al. (1989) .
Plagioclase is subhedral to euhedral and is the 
Accessory minerals
Accessory minerals include ilmenite, apatite, large lilac-coloured zircons, and allanite. No primary magnetite has been observed, although secondary magnetite is seen as an alteration product of olivine. Ilmenite occurs as small, discrete grains, commonly associated with mafic silicates, and is free from exsolution lamellae. The composition of ilmenite is very similar in all fayalitebearing assemblages (Table 2) , and approaches that of end-member ilmenite. Mn and Si are present in all analyses, the former up to 1.18 wt.% MnO.
Interpretation of mineral chemistry
Mineral tie-lines. Tie-line configurations of the mafic silicates show that Fe/(Fe+Mg)Ol >Fe/(Fe+ Mg) Opx>Fe/(Fe +Mg) Amp, Bio. In R1-57 all mafic silicates have Fe/(Fe + Mg) greater than that of clinopyroxene. Similar relationships have been noted from the data of Smith (1974) , Oyawoye and Makanjuola (1972) and Frisch and Bridgwater (1976) from other Fe-rich felsic intrusives and may reflect changing Fe-Mg partitioning in both the evolving magma and in the subsolidus.
Equilibria involving biotite. The use of Fe-Ti oxide pairs to estimate T-fo 2 conditions is not applicable to any of the samples as no primary magnetite is present. However, the presence of the assemblages O1 + Qtz + Bio + K-fspar means KA1Si308 + 3/2Fe2SiO 4 + H20. (2) sanidine fayalite
The absence of magnetite in the fayalite-bearing rapakivi granites suggests that either reaction (1) has proceeded to completion, or that fo2 was intrinsically low (i.e. below QFM) throughout the evolution of the mineral assemblages. The presence of fayalite as an early phase lends some credence to this latter argument.
Reaction (1) (Czamanske and Wones, 1973) , and calculated biotite stabilities for this reaction are shown in Fig. 2 . The curves are calculated on the assumption that biotite would have been in equilibrium with magnetite having a~ (equivalent to X~) of 0.9; bearing in mind the near end-member composition of the ilmenite, this assumption seems reasonable. As such, they should only be regarded as limiting curves, asAafn ~o is taken as 0.8, and other values for X~ ~ and )~oi~ are given in Table 3 . Also shown on Fig. 2 are the upper stabilities of the assemblage biotite + quartz (Eugster and Wones, 1962) for the range of biotite Fe/ (Fe + Mg) in the fayalite-bearing rapakivi granites. The intersection of these curves with the biotite stability curves defined by reaction (1) indicates that biotite crystallisation commenced in the range 700-650~ at anfo ~ of approximately 16 5 17 5 10-" to 10-" bars. The continued persistence of fayalite on the liquidus until a late stage indicates a reducing trend, and this trend was maintained throughout the subsolidus evolution of the rapakivi granites. The stability curve for synthetic ferropargasite buffered by QFM is also shown in this figure (after Gilbert, 1966) as this amphibole approaches the composition of many of those seen in the fayalitebearing rapakivi granites (Table 2) . Gilbert (1966) has shown that the assemblage ferropargasite (3) using the data given in Table 3 and PH,O = 2500 bars. OFM buffer after Hewitt (1978) . Upper stability limits of biotite + quartz for the range of Fe/(Fe 7+ Mg) ratios in the rapakivi granites are shown. Curve FP + O shows the upper stability of synthetic ferropargasite + quartz buffered by OFM (Gilbert, 1966) .
+ quartz is not stable above 553~ at PH_,O = 2000 bars on the QFM buffer, but this cannot be reconciled with the textural evidence which shows amphibole crystallisation to sometimes precede that of biotite. However, Gilbert (ibid.) has shown that more silicic and Fe3+-rich compositions (such as ferro-edenitic hornlzlende, also developed in the rapakivi granites) a "e stable at higher temperatures, and this may help to explain the textural discrepancy. Unfortunately, precise stability ranges of Fe-rich amphiboles are not yet known and no quantitative interpretation of the data can be made. Reaction (2) can be represented by -4996 1ogfH_, o = ~ + 8.47
+ 3 log )~Oi~ + 3/2 log asio_ , Also _ 3/2 log aA~ p (4) --log asa n (Nash, . Bio 1976 , X~H term added by Parsons, 1981 . asio2 was taken to be 1.0, and other terms are (4) using the data given in Table 3 . FP + Q shows the upper stability of synthetic ferropargasite + quartz (after Gilbert, 1966) . PW768 is the water-undersaturated solidus for a natural granodiorite (Piwinskii and Wyllie, 1968) .
given in Table 3 ; olivine was assumed to mix ideally. Biotite stability curves calculated from equation (4) are shown in Fig. 3 , and have been converted from fu,o to values in PH,o (assuming Pn,o =/'TOT) using the data of . Assuming a minimum confining pressure of c. 2.5 kbar for the emplacement of the pluton (Table 1) it is clear that biotite started to crystallise at or below the solidus, at temperatures below 690-675~ these temperatures are in good agreement with those derived from Fig. 2 . Biotite continued to grow to below 450-500~ as witnessed by its preferential replacement of coarsely perthitic microcline, which will start to form at these temperatures .
When biotite assumes a symplectic morphology it is intergrown with quartz, which suggests that the quartz-producing, olivine-consuming reaction (2) is the dominant mechanism for biotite forma- Frisch and Bridgwater (1976) , and (2) Oyawoye and Makanjuola (1972) .
and Boettcher for a bulk pyroxene composition of Fs90Enl0 (1.5 to 3.0 at 800~ their data suggest that K increases with decreasing temperature to values equivalent to those in Table 4 Smith, 1971) for the Prins Christians Sund fayalite-bearing rapakivi granites is in good agreement with other natural examples of similar composition to those presented here (Oyawoye and Makanjuola, 1972; Frisch and Bridgwater, 1976) , which suggests that the assemblage has reached equilibrium. Textural and chemical evidence shows this to have occurred via the consumption of olivine to form biotite (reaction 2) rather than orthopyroxene (reaction 5), since increasingly magnesian compositions are required to maintain the stability of the assemblage olivine + orthopyroxene + quartz at lower pressures (Bohlen and Boettcher, 1981) .
tion. However, as biotite is never seen in contact with olivine, this implies localised control of the reaction through diffusion on a scale of 1-2ram, probably through a vapour phase.
The stability of synthetic ferro-pargasite is also shown on Fig. 3 (Gilbert, 1966) , and its nearcoincidence with the calculated stability curves for biotite may help to explain the ambiguous textural relationships of the two minerals.
The assemblage olivine-orthopyroxene-quartz. The occurrence of fayalite in quartz syenites and alkaline granites is widely known, but the assemblage olivine-orthopyroxene-quartz is much less common. It is generally recorded from high-grade regional and contact metamorphic rocks (reviewed by Bohlen and Boettcher, 1981) , but may also be developed in felsic plutonic rocks (e.g. Smith, 1974; Frisch and Bridgwater, 1974) . Bohlen and Boettcher have presented experimentally determined stabilities for the reaction fayalitic olivine + quartz = ferrosilite-rich orthopyroxene (+ olivine + quartz)
The experimental data of Bohlen and Boettcher (1981) show that for the range of olivine compositions observed in the black rapakivi granites the upper limit of reaction (5) Table 4 . Although these are higher than the values presented by Bohlen
Conclusions
The Prins Christians Sund pluton is a posttectonic rapakivi granite which was emplaced into early Proterozoic (c. 1.9 Ga) migmatitic metasediments and deformed granites around 1.73 Ga. Much of the rapakivi granite is black in hand specimen, and these rocks contain fayalite in association with Fe-rich orthopyroxene, amphibole, biotite, and rare clinopyroxene. Feldspars in the black granites are remarkably fresh and nonturbid, whereas those in a localised white facies of the granite are white and turbid. The amphibole and biotite are both subsolidus phases, and although the T-fo 2 conditions for the formation of amphibole cannot be accurately determined (owing to the lack of reliable experimental data), biotite can be shown to have formed in response to a fayalite-consuming reaction at temperatures below 650-700~ andfo 2 of 10 -16"5 to 10 -17.5 bars. It continued to grow under reducing conditions below the QFM buffer to temperatures below 450-500~ Available experimental data suggest that orthopyroxene has formed from a fayalite-+ quartz-consuming reaction (observable in thin section) at pressures less than c. 6 kbar.
The association between the white granite and metasedimentary xenoliths suggests that fluids have been exchanged between the two, and that the increased fluid content in the magma resulted in the pervasive fluid interaction responsible for feldspar turbidity. Furthermore, the correlation of black, pristine feldspar with anhydrous mafic minerals, and of turbid feldspar with hydrous phases suggests that the mafic assemblages in the white granite are secondary.
